A field experiment was conducted to evaluate the effect of variety and different plant densities on growth and yield of rapeseed mustard during Rabi 2011-12 under rainfed conditions at Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. Four varieties (BARI Sarisha-13, BARI Sarisha-15, BARI Sarisha-16 and SAU Sarisha-3) and four plant densities (10, 40, 70 and 100 plants m -2 ) were applied during the course of study. Results indicated that both variety and plant density has significant effects on growth and seed yield of rapeseed mustard. BARI Sarisha-13 (V1) performed well in terms of Branches plant -1 (6.14), Siliqua plant -1 (126.90), seeds siliqua -1 (25.36) and 1000 seed weight (4.00). Branches plant -1 (6.84) and Siliqua plant -1 (95.04) significantly increased by decreasing plant density due to less competition among plants for moisture, light and nutrients. Maximum seed yield (1.60 t ha -1 ) was recorded for BARI Sarisha-13 with 70 plants m -2 (V1P3). Thus, it is concluded that BARI Sarisha-13 should be grown at 70 plants m -2 for higher yield output.
Introduction
Rapeseed-mustard is one of the most important and widely grown oilseed crops of Bangladesh occupying 0.483 million ha and the production was 0.525 million Mt and yield 0.109 million Mt ha -1 in 2011 -12(AIS, 2013 . It is an important source of cooking oil in Bangladesh meeting one third of the edible oil requirement of the country (Ahmed, 2008) . It is not only a high energy food but also a carrier of fat soluble vitamins (A, D, E and K) in the body. Bangladesh has been facing acute shortage of edible oil for the last several decades. Our internal production can meet only about 21% of our consumption. The rest 79 % is met from the import (Begum et al. 2012) . It needs to import oil and oilseeds to meet up the deficit every year spending huge foreign exchange. The average per hectare yield of mustard in this country is alarmingly very poor compared to that of advanced countries like Germany, France, UK and Canada producing 6667 kg ha -1 , 5070 kg ha -1 , 3264 kg ha -1 , 3076 kg ha -1 respectively. The world average yield of rapeseed-mustard is 1575 kg ha -1 (FAO, 2003) . The major reasons for low yield of rapeseed-mustard in our country are due to lack of high yielding variety, appropriate population density and want of knowledge of sowing time and proper management practices etc. The area under mustard is declining due to late harvesting of high yielding T. aman rice and increased cultivation of boro rice loosing in an area of 104 thousand hectare and production 68 thousand tons of mustard and rapeseed in last ten years (Anon, 2006) . Yield and its development process depend on genetic, environmental and agronomic factors as well as the interaction between them. Therefore, there is a scope to increase the yield level of mustard by using HYV seed and by adopting proper management practices like spacing, irrigation, seed rate, fertilizer application etc.
Establishment of optimum population density per unit area is a prerequisite for having increased grain yield. Population density thus influences yield and yield contributing characters of rapeseed (Johnson et al. 2003) . Rapeseed-mustard yield can be affected by competitive stress among individual plants when two or more plants need a particular factor necessary for growth, and when the immediate supply of this factor falls below the combined demands of the plants. It is well established that the crop environment with regard to light intensity and concentration of carbon dioxide can play a vital role in photosynthesis of the plant and thus increase dry matter accumulation and vegetative growth of the plant. Therefore the study has been undertaken to identify the effect of population density and variety on the yield potential of rapeseed-mustard.
Materials and Methods
The field experiment was conducted at the Agronomy field, Sher-e-Bangla Agricultural University (SAU), under the agro-ecological zone of Modhupur Tract, AEZ-28, during rabi season (November, 2011 to February 2012 with a view to find out the effect of population density and variety on the growth and yield of rapeseed-mustard.
E longitude at the elevation of 18 m above the sea level. , seeds siliqua -1 and 1000-seed weight at the time of harvest. An area of 1 m 2 was harvested from centre of each plot and the seeds were sun dried and threshed. The seeds were separated from the siliquae by beating with bamboo sticks and later were cleaned, dried, weighed and converted into t ha -1
. The data were analyzed statistically using the MSTAT-C computer package program and mean differences among the treatments were compared by least significance difference at 5% level of significance.
Results and Discussion
The analysis of variance for rapeseed-mustard seed yield and other traits (Table 1) due to variety and plant density indicated that these two factors could enhance seed yield and yield attributes significantly.
Branches plant -1
Both the variety and plant densities had significant effect on mustard branches plant -1 at maturity (Table 1) . BARI Sarisha-13 (V 1 ) produced the highest number of branches plant -1 (6.14) which was 33.77% higher (4.59) than BARI Sarisha-15 (V 2 ). 10 plants m -2 (P 1 ) recorded twice the number of branches plant -1 (6.84) than 100 plants m -2 (P 4 ). Higher number of branches plant -1 (17.80) was recorded with V 1 P 1 interaction over the rest of interactions (Table 2) . However, V 2 P 1 , V 4 P 1 and V 4 P 2 interactions were on par. The higher number of branches plant -1 in V 1 P 1 interaction implicated that in lower densities, due to lesser competition within the plants and a sufficient light intensity as a potent source for increasing crop biomass, resulting higher number of branches plant -1 (Rana and Pachauri, 2001 and Siadat et al. 2010 ).
Siliqua plant -1
The number of siliquae per plant of rapeseed mustard was affected highly significantly by the varieties and plant densities (Table 1) , while the interaction effect of variety×plant density was also significant (Table 2) . Maximum siliqua plant -1 (126.90) was obtained in BARI Sarisha-13 (V 1 ) which was more than three times higher than the minimum number of siliqua plant -1 (50.10) produced by SAU Sarisha-3 (V 4 ). This was due to the variation in genetic makeup of different varieties affecting number of siliqua plant -1 . Plant density of 10 plants m -2 recorded significantly higher siliqua plant -1 (95.04), as compared to 100 plants m -2 which caused the lowest siliqua plant -1 (61.08) (Table 1) . Generally, lower population increased and higher population decreased the number of siliquae plant -1 . These findings are in agreement with those of McGregor (1987), Ali et al. (1996) and Cheema et al. (2001) . This was due to the reason that, with increase in density the number of siliquae, which were produced solely by each plant, will decrease due to low space and more competition (Kjellstrom, 1995) . Variety and plant density interaction showed that the most siliqua plant -1 (145.70) was noticed in BARI Sarisha-13 with 10 plants m -2 (V 1 P 1 ) ( Table 2) . Similar results were also observed by Butter and Aulakh (1999) .
Seeds siliqua -1
The number of seeds siliqua -1 contributes considerably towards the final seed yield. The number of seeds siliqua -1 differed significantly among varieties but not for plant densities (Table 1) , while the interaction effect of variety×plant density was significant (Table 2 ). Highest number of seeds siliqua -1 (25.36) was obtained from BARI Sarisha-13 (V 1 ) and BARI Sarisha-16 (V 3 ) obtained the lowest (14.95). This result supports the findings of Jahan and Zakaria (1997) and Gurjar and Chauhan (1997) . Numerically, maximum number of seeds siliqua -1 (20.26) was observed with 70 plants m -2 (P 3 ), while minimum number of seeds siliqua -1 (19.70) was recorded in 40 plants m -2 (P 2 ). Overall, plant growth, development and final stature would influence total seed setting. These results were not in line with those of Ozer (2003) who stated that with increase in row spacing resulted consistent increase in the number of seeds siliqua -1 in rapeseed. Similarly, Hasanuzzaman et al. (2008) stated that the number of seeds siliqua -1 significantly decreased with the increase of population density of (Brassica campestris L.). Interaction effect of BARI Sarisha-13×70 plants m -2 (V 1 P 3 ) recorded the maximum number of seeds siliqua -1 (26.03) which was statistically identical with V 1 P 1 (BARI Sarisha-13×10 plants m -2 ) and closely followed by V 1 P 2 and V 1 P 4 . 
1000-Seed weight
The weight of the seed expresses the magnitude of seed development which is an important yield determinant and plays a decisive role in showing off the yield potential of a crop. According to results in Table 1 , 1000-seed weight was highly significantly affected by different variety but non-significantly by plant densities. BARI Sarisha-13 (V 1 ) had the highest 1000 seed weight (4.00 gm) whereas the lowest (2.82 g) was found in SAU Sarisha-3 (V 4 ). 1000-seed weight is the stable part of yield and it varies from variety to variety which was supported by Mondal and Wahab (2001) . Plant density had no significant effect on thousand seed weight (Table 1) . Numerically, the maximum 1000-seed weight (3.39 g) was observed in P 3 (70 plants m -2 ), whereas minimum (3.24 g) 1000-seed weight was attained by P 2 (40 plants m -2 ). These results are in line with those of Angadi et al. (2003) who revealed that, thousand seed weight is the most stable part of yield and not affected by plant density fluctuations. In this regard, Hasanuzzaman and Karim (2007) contradictorily, reported that higher 1000-seed weight of (Brassica campestris L.) was attained with wider plant spacing. The interaction effect of variety and plant density had significant effect (p<0.05) on this trait (Table 2 ). The V 1 P 3 interaction recorded significantly higher 1000-seed weight (4.10 g) compared to rest of the interactions. Significantly lower 1000-seed weight of 2.74 g was recorded with V 2 P 4 interaction. As compared to other traits, in this experiment, 1000-seed weight changes to the levels of evaluated treatments had fewer fluctuations. Furthermore, no sharp drop is noticed in this trait, while increasing the density at each variety. The optimum density strengthen the optimal use of environmental condition for the crop and it lessen the inter plant competition and results in production of appropriate seeds with more weight. Although, the competition between the plants intensified by increasing the plant density, but these plants by allocating more photosynthesis materials to the seed, which may be provided via remobilization of secondary materials (Translocation), prevents severe decrease in seed weight. Moreover, the excessive numbers of plants, under nutrient stress conditions, causes severe inter plant competition and 1000-seed weight decline. These results are supported by Trivedi and Singh (1999) and Mehmet et al. (2008) .
Seed yield
Result indicated that variety, plant density and their interaction had significant effect on seed yield (Table 3) . Means comparison showed that the most (1.35 t ha -1 ) and the least seed yield (0.92 t ha -1 ) were belonged to the plots having BARI Sarisha-13 (V 1 ) and BARI Sarisha-15 (V 2 ), respectively (Table 3 ). This result is in conformity with the findings of Islam et al. (1994) and Rahman (2002) who indicated the yield variation due to varietal differences.
Among the plant densities, 70 plants m -2 (P 3 ) produced significantly higher seed yield (1.32 t ha -1 ) than other applied densities, whereas 10 plants m -2 (P 1 ) produced the lowest (0.82 t ha -1 ) ( Table 3 ). The higher seed yield in P 3 treatment reveals that such plant density facilitated maximum utilization of nutrients and increased dry matter production which ultimately enhanced seed yield (Cheema et al. 2001 ). Moreover, in this level of density by creating more suitable green canopy in the unit area with the least inter competition, solar radiation was used effectively for producing economic yield (Sharif et al. 1990; Saeed-Shariati, 1996) . The interaction between the variety and plant density significantly affected this trait at 5% level. The highest seed yield (1.60 t ha -1 ) was produced by BARI Sarisha-13, at the density of 70 plants m -2 (V 1 P 3 ) (Table 4) . Clearly, as the plant density increased for each variety up to 70 plants m -2 , seed yield in the unit of area increased as well which confirm the results of studies done by Yousaf and Ahmad (2002) , Danesh-Shahraki et al. (2008) and Kazemeini et al. (2010) . 
Biological yield
Results in Table 3 showed that, the individual effects of variety and plant density were significant on the crop biologic yield. BARI Sarisha-13 (V 1 ) produced biological yield of 3.55 t ha -1 , which was statistically different from all other test varieties. The lowest biological yield (2.70 t ha -1 ) was found with the variety of BARI Sarisha-15 (V 2 ) ( Table 3) . Means f v u Du ' ( < . ) b (3. 8 -1 ) was found from P 2 (40 plants m -2 ) which was statistically identical with P 4 (100 plants m -2 ). On the other hand, the lowest biological yield (2.35 t ha -1 ) was found from P 1 (10 plants m -2 ). The interaction effects of variety and plant densities had a significant effect on biological yield of rapeseed mustard (Table 4) . Among all treatments, interactions of V 1 P 4 (BARI Sarisha-13×100 plants m -2 ) produced the highest biologic yield (4.06 t ha -1 ). In this regards, Yousaf and Ahmad (2002) indicated that the maximum biomass would be obtained in maximum plant density. In addition, the lowest biologic yield (1.93 t ha -1 ) was that of the V 2 P 1 (BARI Sarisha-15×10 plants m -2 ). This fact is due to the effective role of nutrients on assimilates distribution and the effect of inter and intra plant competition (Zangani et al. 2006) . Concerning the fact that 40-100 plants m -2 creates more foliage (through higher siliqua yield and stover yield) by reducing inter and intra plant competition, due to efficient nutrient uptake, the photosynthesis developed, which itself increases the yield (Kazemeini et al. 2010) .
Harvest index
Harvest index is the ratio of seed yield to biological yield. When the seed yield increases more than the biological yield harvest index increases and vice versa. Data revealed that harvest index showed significant difference due to variation in varieties, plant densities and their interactions (table 3) . BARI Sarisha-13 (V 1 ) produced highest harvest index of 37.65%, which was statistically different from all other test varieties and the lowest (33.73%) was incurred from BARI Sarisha-15 (V 2 ). This result is in conformity with the findings of Islam et al. (1994) . The recorded data indicated statistically significant ff v , f . Du ' ( < . ) v st index (36.14%) was found from P 3 (70 plants m -2 ) and the lowest (34.51%) was from P 1 (10 plants m -2 ). DeLougherty and Crookston (1978) reported that with increasing population density a significant decline in HI would be achieved; however, the HI values were greatly increased by increasing the plant densities, according to findings of Danesh-Shahraki et al. (2008) . By contrast, Zandi et al. (2011) showed that plant population densities did not affect significantly harvest index. They found the harvest index (HI) to be relatively stable. The interaction effect of variety×plant density was significant (P<0.05) over this trait (Table 4 ). The interaction effect of V 1 P 3 (BARI Sarisha-13×70 plants m -2 ) recorded significantly higher HI values (41.02%) compared to other interactions. For each variety, when plant density increased up to 70 plants m -2 , ' HI w augmented as well. It assumes that besides improving the varieties, by making an effective spacing, reducing the inter-plant competition in a way that increased the amount of seed yield to biological yield and caused the harvest index to increase. The result obtained from the present study was similar with the findings of Singh and Singh (1984) . 
Conclusion
This study suggests significant influence of variety and plant density on yield dynamics of rapeseed mustard. Better performance was observed at higher plant densities over lower ones in terms of yield contributing characteristics. Thus it is suggested that BARI Sarisha-13 should be grown at 70 plants m -2 for higher output.
